:ilIators produce excellent sine waves but are tem- 
peramental and hard to design. They also require extensive 
redesign every time you change the oscillation frequency. 
Digital oschiators are easier to design than analog oscillators, 
nd digital signals already exist in digital systems. Thus, it is 
ften cost-effective to derive sine waves from digital signals, 
i oi ?xample, a simple circuit can derive a sine wave with 
a frequency V32 of the input from almost any periodic digi- 
tal-input signal (Figure 1). The counter chain acts as a fre- 
quency divider" and works with the digital-input signal to 
output sine wave's frequency. A 5-bit counter 
gital signal by 32. In addition to producing the 
esired frequency for the application, dividing by 32 sepa- 
rates the digital-noise and switching steps from the sine- 
wave frequency by the same factor, making it easier to filter 
the sine wave. The more stages in the counter, the higher the 
frequency separation between the digital input and output 
sine wave and the easier the filtering job is. 

The counter output connects to the serial input of the 
shift register and determines the patterns of ones and zeros 
that shift down the register. Because the counter in this case 
is 5 bits, 16 ones shift into the register followed by 16 zeros. 
The 16 ones make up the rising part of the sine wave, and 
the 16 zeros make up the falling part of the sine wave. 
Assume that all shift-register outputs are low. Now, the par- 
allel combination of all the resistors acts as a termination to 
the digital low level that serves as ground. The first shift-reg- 
ister output, C^, connects to a 51-kfi resistor, and when 
goes to a high state, the resistor slightly pulls up the junc- 


tion voltage. Each succeeding resistor that connects r 
succeeding shift-register output pulls up the junction v 
age in steps until all of the shift-register outputs' ai 
When the shift register's serial input waveform" goes 
zeros shift into the shift-register output, and th 
reverses to form the sine wave's decreasing portionS^ 

The resistor weights are sinusoidal. Therefore, the 
voltage takes small steps when a sine wave has a slow rising 
or falling voltage. Resistor weighting ensures that the volt- 
age steps are larger when the sine-wave voltage should ha 
a fast rising/falling voltage. Note that the resistors are : 
metrical about one-fourth of the period to ensure that 
rising and falling curves of the sine wave are symmetrica.. 

If you increase the counter to 6 bits, the output sine wave 
is V64 of the input signal, the resistors and shift registers dou- 
ble, and sine wave's purity dramatically increases. If you use 
CMOS for the digital circuits, no pullup resistors are neces- 
sary, but bipolar digital circuits require pullup resistors tc 
ensure that the high level stays close to the supply rail. 

The output filter is a second-order lowpass filter with a cut 
off frequency of 100 kHz. This frequency enables the circuil 
to deliver a clean 86-kHz sine-wave output with a 2.78-MHj 
digital input. This filter prevents any discernible switching 
glitches or voltage steps on the output. If the counter is onh 
4 bits, however, some of the digital noise from the steppec 
sine wave appears on the output sine wave. (DI #2096) 
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